Supplementary Material
Additional tables and figures for the Phase 2 audio–visual soundscape experiment.
Table S1. Phase 1-derived visual covariates and block-level collinearity
. Panel A. Visual covariates for the 10 Phase 2 blocks
	Block
	VisualBase
	Pleasure baseline
	Preference baseline
	Composite baseline
	Mean VS
	Mean GC (%)

	B01
	4.7115
	4.5476
	4.3868
	4.5486
	2.2
	46

	B02
	4.7597
	4.6464
	4.5563
	4.6541
	2.4
	47

	B03
	4.7633
	4.7015
	4.4875
	4.6508
	2.2
	40

	B04
	4.8526
	4.7983
	4.5344
	4.7284
	2.4
	48

	B05
	4.8772
	4.8712
	4.6064
	4.7849
	2.6
	52

	B06
	5.0698
	4.9623
	4.9035
	4.9785
	2.4
	56

	B07
	4.6124
	4.5526
	4.3835
	4.5162
	3.0
	67

	B08
	4.7856
	4.6928
	4.5732
	4.6839
	2.8
	65

	B09
	4.4454
	4.4330
	4.3402
	4.4062
	2.6
	64

	B10
	4.4907
	4.3526
	4.2577
	4.3670
	2.0
	40


Panel B. Correlations and collinearity diagnostics
	Comparison
	Pearson r

	VisualBase vs. PleasureBase
	0.963

	VisualBase vs. PreferenceBase
	0.932

	VisualBase vs. CompositeBase
	0.986

	VS vs. GC
	0.910



Table S2. Specific soundtrack content and realized experimental allocation
Panel A. Specific soundtrack content and exposure counts
	Category
	Track
	Content summary
	Observations, n

	NAT
	1
	Birdsong + light bamboo-leaf friction
	36

	
	2
	Birdsong + more pronounced wind-driven leaf sound
	41

	
	3
	Insect sound + leaf friction
	36

	
	4
	Multiple bird species + weak wind
	36

	
	5
	Sparse birdsong + natural bamboo-leaf friction
	41

	
	6
	Continuous natural background + intermittent birdsong
	36

	HUM
	1
	Two people speaking quietly + footsteps
	36

	
	2
	Distant, continuous conversation by several people
	36

	
	3
	Intermittent footsteps + conversation
	41

	
	4
	Child/family recreation, dominated by children’s voices
	36

	
	5
	Continuous footsteps + furniture-moving sound
	36

	
	6
	Distant group-activity background
	41

	TRA
	1
	Vehicle horn
	41

	
	2
	Continuous distant road traffic + intermittent horns
	36

	
	3
	Sequential vehicle pass-bys + horn
	36

	
	4
	Vehicle horn + train horn
	41

	
	5
	Road background + occasional near vehicle pass-by
	36

	
	6
	Passing train + passing vehicles
	36


Panel B. Visual-sequence assignment
	Visual sequence
	Participants, n

	S1
	12

	S2
	12

	S3
	12

	S4
	12

	S5
	12

	S6
	12

	S7
	11

	S8
	10

	S9
	10

	S10
	10


Panel C. Soundscape-category order
	Order
	Sequence
	Participants, n

	O1
	NAT–HUM–TRA–NAT–HUM–TRA
	38

	O2
	HUM–TRA–NAT–HUM–TRA–NAT
	38

	O3
	TRA–NAT–HUM–TRA–NAT–HUM
	37


Panel D. Soundtrack-number rotation
	Rotation
	Participants, n

	R1
	6

	R2
	24

	R3
	30

	R4
	27

	R5
	16

	R6
	10



Table S3. Soundscape×visual-context interactions.
	Outcome
	Visual variable
	Interaction
	B
	95% CI
	Raw p
	Holm p

	Relaxation
	VisualBase
	HUM×VisualBase
	−0.54
	[−2.98, 1.90]
	0.663
	1.000

	
	VisualBase
	TRA×VisualBase
	−0.41
	[−2.97, 2.15]
	0.755
	1.000

	
	VS
	HUM×VS
	0.17
	[−2.26, 2.60]
	0.890
	1.000

	
	VS
	TRA×VS
	−1.00
	[−3.61, 1.61]
	0.453
	1.000

	
	GC
	HUM×GC
	1.06
	[−1.37, 3.48]
	0.392
	1.000

	
	GC
	TRA×GC
	−0.55
	[−3.14, 2.04]
	0.676
	1.000

	Pleasure
	VisualBase
	HUM×VisualBase
	−1.61
	[−4.01, 0.79]
	0.189
	1.000

	
	VisualBase
	TRA×VisualBase
	−0.53
	[−3.01, 1.95]
	0.672
	1.000

	
	VS
	HUM×VS
	−1.03
	[−3.43, 1.37]
	0.401
	1.000

	
	VS
	TRA×VS
	−1.62
	[−4.14, 0.90]
	0.208
	1.000

	
	GC
	HUM×GC
	−0.74
	[−3.14, 1.66]
	0.546
	1.000

	
	GC
	TRA×GC
	−1.69
	[−4.19, 0.80]
	0.183
	1.000

	Preference
	VisualBase
	HUM×VisualBase
	1.30
	[−1.50, 4.09]
	0.362
	1.000

	
	VisualBase
	TRA×VisualBase
	1.91
	[−0.98, 4.80]
	0.194
	1.000

	
	VS
	HUM×VS
	−1.28
	[−4.08, 1.51]
	0.368
	1.000

	
	VS
	TRA×VS
	−1.25
	[−4.20, 1.70]
	0.407
	1.000

	
	GC
	HUM×GC
	−1.12
	[−3.92, 1.68]
	0.432
	1.000

	
	GC
	TRA×GC
	−1.52
	[−4.45, 1.41]
	0.308
	1.000

	EEG
	VisualBase
	HUM×VisualBase
	0.023
	[−0.044, 0.089]
	0.501
	1.000

	
	VisualBase
	TRA×VisualBase
	0.017
	[−0.049, 0.083]
	0.615
	1.000

	
	VS
	HUM×VS
	−0.077
	[−0.143, −0.012]
	0.021
	0.465

	
	VS
	TRA×VS
	−0.080
	[−0.148, −0.012]
	0.021
	0.465

	
	GC
	HUM×GC
	−0.078
	[−0.144, −0.013]
	0.020
	0.451

	
	GC
	TRA×GC
	−0.091
	[−0.158, −0.024]
	0.008
	0.187


Note: No interaction remained significant after adjustment across 24 tests.

Table S4. Final-model diagnostics and hierarchical random-effects sensitivity analyses
Panel A. Convergence, singularity, and random-effects structures of the reported final models
	Outcome
	Observations, n
	Final random-effects structure
	Converged
	Singular fit
	Convergence message
	Optimizer code

	Relaxation
	678
	Participant intercept + visual-block intercept
	Yes
	No
	None
	0

	Pleasure
	678
	Participant intercept + visual-block intercept
	Yes
	No
	None
	0

	Preference
	678
	Participant intercept + visual-block intercept
	Yes
	No
	None
	0

	Soundscape pleasantness
	678
	Participant intercept + visual-block intercept
	Yes
	No
	None
	0

	Annoyance
	678
	Participant intercept + visual-block intercept
	Yes
	No
	None
	0

	EEG Δ(β/α)
	678
	Participant intercept + specific-soundtrack intercept
	Yes
	No
	None
	0


Panel B. Hierarchical random-effects sensitivity of the subjective soundscape contrasts
	Outcome
	Selected sensitivity structure
	Contrast
	Reference model, B 
(95% CI)
	Selected model, B (95% CI)
	Estimate change (%)
	CI-width ratio
	Holm-adjusted p

	Relaxation
	Participant intercept + independent HUM and TRA slopes + visual-block intercept + specific-soundtrack intercept
	HUM–NAT
	−17.47 [−20.04, −14.91]
	−17.43 [−20.84, −14.02]
	0.24
	1.33
	<0.001

	
	
	TRA–NAT
	−41.52 [−44.09, −38.96]
	−41.38 [−45.43, −37.33]
	0.35
	1.58
	<0.001

	Pleasure
	Participant intercept + visual-block intercept
	HUM–NAT
	−18.14 [−20.70, −15.58]
	−18.14 [−20.70, −15.58]
	0.00
	1.00
	<0.001

	
	
	TRA–NAT
	−41.51 [−44.07, −38.95]
	−41.51 [−44.07, −38.95]
	0.00
	1.00
	<0.001

	Preference
	Participant intercept + independent HUM slope + visual-block intercept + specific-soundtrack intercept
	HUM–NAT
	−22.36 [−25.35, −19.37]
	−22.35 [−25.76, −18.94]
	0.04
	1.14
	<0.001

	
	
	TRA–NAT
	−46.64 [−49.63, −43.64]
	−46.63 [−50.04, −43.22]
	0.01
	1.14
	<0.001


Panel C. EEG random-structure sensitivity
Panel C1. Model diagnostics and variance components
	EEG model
	Observations, n
	Random-effects structure
	Converged
	Singular fit
	Participant variance
	Visual-block variance
	Specific-soundtrack variance
	Residual variance

	Prespecified model
	678
	Participant intercept + visual-block intercept
	Yes
	Yes
	0.05621
	1.49 × 10⁻¹⁶
	—
	0.11113

	Reported final model
	678
	Participant intercept + specific-soundtrack intercept
	Yes
	No
	0.05575
	—
	0.00294
	0.10886


Panel C2. Stability of the EEG soundscape contrasts
	EEG model
	HUM–NAT, B (95% CI)
	Change from prespecified model (%)
	TRA–NAT, B (95% CI)
	Change from prespecified model (%)
	Direction retained
	Both CIs exclude zero

	Prespecified participant-and-block model
	0.319 [0.257, 0.380]
	Reference
	0.495 [0.433, 0.557]
	Reference
	—
	Yes

	Reported final participant-and-soundtrack model
	0.318 [0.221, 0.415]
	0.18
	0.494 [0.398, 0.591]
	0.14
	Yes
	Yes


Note: All models used the same 678 audio–visual block observations and retained the fixed-effects specifications described in Section 2.7. In Panel A, optimizer code 0 indicates successful numerical optimization, and “None” indicates that no convergence warning was returned. The reference subjective models in Panel B included crossed random intercepts for participant and visual block. Candidate hierarchical models additionally considered a specific-soundtrack random intercept and independent participant-specific HUM and TRA slopes; for each outcome, the richest converged, non-singular candidate was selected. Independent slopes were fitted without estimating correlations with the participant intercept. Estimate change was calculated as 100 × |B_selected − B_reference|/|B_reference|, and the CI-width ratio was calculated as the selected-model confidence-interval width divided by the reference-model confidence-interval width. All six subjective contrasts retained their original directions, and all selected-model confidence intervals excluded zero. In Panel C, the prespecified EEG model completed numerical optimization but was singular because the estimated visual-block variance was effectively zero. The reported final EEG model therefore replaced the unsupported visual-block intercept with a specific-soundtrack intercept and converged without singularity. The final HUM–NAT and TRA–NAT estimates differed from the corresponding prespecified-model estimates by 0.18% and 0.14%, respectively.
